Oligo-2",5'-adenylate synthetase (2-5AS) can be induced in cells treated with interferon (IFN), and the enzyme has an important role in the antiviral function of IFN (Ball, 1982) . Furthermore, it has been reported that the enzyme is induced by some other compounds including hormones (Itkes et al., 1982; Oikarinen, 1982; Besancon et al., 1981; Orlic et al., 1982; Krishnan & Baglioni, 1980) . Oligo-2',5'-adenylate (2-5A) formed by this enzyme has several functions such as in cell growth regulation (Creasey et al., 1983; Jacobsen et al., 1983; Kimchi et al., 1979; Krishnan & Baglioni, 1980; Leanderson et al., 1982; Smekens et al., 1983) , in cell differentiation (Schmidt et al., 1984) and in degradation of cellular or viral mRNA through the activation of endoribonuclease L (Ball, 1982; Jacobsen et al., 1983; Oikarinen, 1982) .
It has also been reported that the differentiation of Friend leukaemia cells and promyelocytic leukaemia cells is stimulated by IFN or 5-azacytidine (5AZcd) (Creusot et al., 1982; Christman et al., 1983; Dolei et al., 1980) . Endogenous or silent retrovirus genomes were activated by 5AZcd, and activation of the Epstein-Barr virus (EBV) genome or the herpes simplex virus thymidine kinase gene has been detected in cells treated with 5AZcd or iododeoxyuridine (IUdR) (Gerber, 1972; Groudine et al., 1981; Glough et al., 1982; Jaenisch et al., 1985; Niwa et al., 1983; Yamamoto et al., 1980) . The effect of these reagents on cell differentiation or viral gene activation may be correlated with a fluctuation of 2-5AS levels, although it is also possible that the enzyme activity may be due to non-specific gene activation.
Human lymphoblastoid cell lines of B cell origin are classified into three groups, EBVnegative cell lines (B JAB, Ramos), EBV-positive non-producer cell lines Raji, Daudi) and EBV producer cell lines (P3HR-1). There is a difference in the response of human B lymphoblastoid cell lines to vesicular stomatitis virus (VSV) infection, EBV-positive B cell lines 
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Short communication being insensitive to cell killing by VSV, but EBV-negative B cell lines are not (Creager et al., 1982) . 2-5AS activity may be associated with the susceptibility of these cell lines to VSV and their production of EBV. Furthermore, recent studies on cellular oncogene expression revealed that the transcription of the cellular oncogene, c-myc, is enhanced in Burkitt's lymphoma cell lines, and that the stability of this transcript might be controlled by the 2-5A system (Jonak & Knight, 1984; Knight et al., 1985) . It is therefore interesting to investigate the 2-5A system in human lymphoblastoid cell lines of B cell origin.
All cell lines used in these experiments were cultured in RPMI 1640 medium (Gibco) supplemented with 10~ heat-inactivated foetal bovine serum (Gibco) and penicillin (100 units/ml) at 37 °C or 33 °C in a humidified 5 ~ CO2 incubator. Cells were treated with 5AZcd at 1 ~tg/ml (NC-37, K562 and Molt-4) or 0.1 ~tg/ml (Raji and B JAB) for 3 days because of its cytotoxicity, before dividing into two groups. The first group was used for determination of enzyme activity, and the second group was washed with serum-free medium before culturing for an additional 3 days in 5AZcd-free fresh medium. Treatment of cells with IUdR was carried out in the same manner except for an additional cultivation with reagent-free medium, and the doses of IUdR were 10, 50 and 100 ~tg/ml, for 5 days. The effect of 5-azacytosine (5AZct) on enzyme induction was examined as follows. Cells were cultured and passaged every 3 or 5 days with RPMI 1640 medium containing 50 ~g/ml 5AZct for more than 1 month. After several passages, they were harvested to measure enzyme activity. Culture medium was dialysed against serum-free medium to remove the agent at 4 °C overnight. IFN activity was then assayed by the dye-binding method using human FL cells and VSV (Indiana strain) as described in detail previously (Fujii et al., 1983) . Neutralization of IFN activity by anti-human IFN-~ serum provided by Dr G. J. Galasso (National Institutes of Health, Bethesda, Md., U.S.A.) was also performed as described by Fujii et al. (1983) . Cells were cultured with sufficient anti-IFN-~ serum to neutralize 100 IU/ml of standard IFN-cc (G-023-901-527), for 3 days in the IUdR experiments or for three passages in the 5AZct and EBV-transformed cells experiments. 2-5AS activity in cells was measured according to the method described previously (Fujii et al., 1984) .
2-5AS activity was investigated in several cell lines cultured for 3 days. Almost all of the cell lines showed 102 to 103 d.p.m./gg of protein of enzyme activity (Tables 1 and 2 ). However, EBVtransformed peripheral lymphocytes (EBTL) showed a level of activity about tenfold higher than the other cell lines (Table 1) . There was a difference in the production of IFN between EBTL and the other cell lines, EBTL producing IFN spontaneously (Table 3) . Because 2-5AS activity decreased in EBTL treated with anti-IFN-~ serum, it is likely that the 2-5AS activity in EBTL was increased by the IFN produced by the cells themselves. 2-5AS activity in the EBV producer cell line P3HR-1 was lower than that in the other cell lines; in particular, it was not detectable in P3HR-1 cells cultured at 33 °C (Table 2) . When human B or T lymphoblastoid cell lines and EBTL were cultured with various concentrations of 5AZcd or 5AZct, 2-5AS activity was not induced in those treated with 5AZcd (Table 1) . On the other hand, enzyme activity was significantly increased in both NC-37 and Raji cells after cultivation with 50 gg/ml 5AZct for 2 months, but not in B JAB, Molt-4 or EBTL (Table 1) . Although treatment of cells with 5AZct for more than 1 month could induce the enzyme, a short period of cultivation was not effective. In these experiments, IFN activity was not detectable in the culture medium, and the effect of 5AZct on enzyme induction was also seen in the presence of anti-IFN-~ serum (Table 1) .
The susceptibility of cells to virus infection was examined in NC-37 and Raji cells cultured with 5AZct. Cells were infected by VSV at a m.o.i, of 0.1 at 37 °C for 1 h, after which the cells were washed and cultured for 24 h. Infectious VSV in the culture medium was measured by plaque assay on monolayers of Vero cells. A reduction of VSV titre to 0.1 ~ was seen in NC-37 cells compared to that of untreated cells, but the release of virus was almost unchanged by treatment of Raji cells with 5AZct (data not shown). To test whether 2-5AS induction resulted from the selection of cells with high enzyme activity during cultivation, cloning was carried out to select such cells but they were not detected. Although the EBV-positive cell line, NC-37, was essentially insensitive to cell killing by VSV infection, the decreases in infectious virus particles and cell viability were more obvious in cells treated with 5AZct on account of the increased enzyme activity. However, Raji cells treated with 5AZct showed no effect on antiviral activity, (1984) . Transformation of peripheral lymphocytes by EBV was performed as described previously (Kikuta et al., 1984) . §-, Not done. because of the insensitivity of these cells to the antiviral effect of IFN (Tomita et al., 1982) .
Because EBTL already have high enzyme activity due to the IFN produced before treatment of cells with 5AZct, superinduction of the enzyme was not recognized (Table 1) . Superinduction of IFN has been shown by treatment of Namalwa cells with butyrate or bromodeoxyuridine before induction (Baker el al., 1979 (Baker el al., , 1980 Tovey et al., 1977) . These compounds have an interesting effect on the activation of genes involved in the control of transcription and translation Shuttleworth et al., 1982) . Since it is possible that significant enhancement of IFN or virus production by these reagents is closely associated with the 2-5A system, the effect of IUdR on fluctuation of 2-5AS levels was investigated in various cells. The data in Table 2 show that enzyme activity increased in human lymphoblastoid cell lines of B cell origin except P3HR-1 cells, but not in the other types of cell lines. Maximum induction of the enzyme was observed 2 or 3 days after cultivation, after which the activity * Cells were cultured without or with 50 lag/ml IUdR for 3 days, after which culture media were harvested and dialysed against 0.2 M-KC1-HC1 buffer pH 2.0, at 4 °C for 24 h and were further dialysed against RPMI 1640 medium at 4 °C for 24 h. Control samples were dialysed against phosphate-buffered saline pH 7.4 instead of pH 2-0 buffer. t-, Not done. * Cells were cultured in RPMI 1640 medium containing 50 ~tg/ml IUdR and anti-IFN-~ serum diluted to neutralize 100 IU/ml IFN.
decreased to the same level as the control on the 5th day (data not shown). According to these results, activity was increased significantly at a concentration of 10 ~tg/ml, but was not much different at higher concentrations of the reagent. Enzyme activity was also induced by IFN in all the human cell lines used in this experiment (Table 2) . However, the effect of IUdR on induction was seen only in human lymphoblastoid cell lines of B cell origin (Table 2) . Neither IFN nor IUdR enhanced the synthetase activity in P3HR-1 cells, especially at 33 °C (Table 2 ). Significant production of IFN could be achieved by treatment of NC-37 and Raji cells with IUdR, but not in other cells (Table 3) . Enzyme induction in these cells by IUdR may be clue to the IFN produced by them. Characterization of the IFN produced showed that it was acidstable (IFN-~) ( Table 3) . Induction of the enzyme by IUdR was almost unchanged by anti-IFNct serum (Table 4) . Similar results were also obtained in experiments using bromodeoxyuridine (data not shown).
Oligo-2',5'-adenylate synthetase activity was detected in a number of human B lymphoblastoid cell lines and also in other non-B cell lines; P3HR-1 cells contained least activity, which might be due to production or replication of EBV, or to the presence of some inhibitor of 2-5AS in these cells. It might also be that establishment of an EBV-producing cell line is associated with lower enzyme activity. It was expected that the EBV-positive cell lines, Raji and Daudi cells, would show a significantly higher level of 2-5AS activity on account of their resistance to VSV infection. However, the endogenous 2-5AS activity may not be correlated with resistance of these cell lines to VSV infection. Enzyme activity was increased by treatment of EBV-positive cell lines, but not EBV-negative cell lines, with 5AZct for more than 1 month. The mechanism of enzyme induction by 5AZct is still unknown, but it may be due to the demethylation of DNA.
Induction of the synthetase by IUdR or bromodeoxyuridine was also seen in human lymphoblastoid cell lines of B cell origin, EBV-positive and EBV-negative cell lines. Although the differences in the response of these cells to virus infection and in IFN production (Greager et al., 1982; Heremans et al., 1980) may be correlated with the presence of endogenous EBV, it is suggested that enzyme induction by these reagents was not related to the presence of the EBV genome. IFN activity was also detected in the culture medium of NC-37 and Raji cells cultured with IUdR for 3 days, but induction of the enzyme always preceded IFN activity in the medium. In addition to this, enzyme induction was not inhibited by treatment of cells with anti-IFN-at serum. Hence, it is likely that the effect of the reagent was at the level of transcription and/or translation of 2-5AS mRNA in human B lymphoblastoid cell lines. We wish to thank Dr H. Kikuta, Hokkaido University, for the establishment of EBV-transformed peripheral lymphocytes.
